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(54) 

(57) The present invention provides a polymer elec- 
trolyte fuel cell stack that includes a cell laminate having 
a plurality of unit cells, which are laid one upon another 
and each of which includes a polymer electrolyte mem- 
brane, a pair of electrodes that are arranged across the 
polymer electrolyte membrane and respectively have a 
catalytic reaction layer, a separator having means for 
feeding a supply of fuel gas containing hydrogen gas to 
one of the electrodes, and another separator having 
means for feeding a supply of oxidant gas to the other of 
the electrodes. In the polymer electrolyte fuel cell stacK 
a sealing portion is disposed at least in the vicinity of 
each electrode. The polymer electrolyte fu^ cell stack 
of the present invention has excellent durability and pro- 
ductivity. Gasket sealing portions, a sealing portion for 
cooling water, and sealing portions for water and gas in 
an internal humidifying unit are constituted by a polymer 
compound that has polyisobutylene as the backbone 
structure. This arrangement ensures the high reliability. 
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Description 

Technical Field 



LTJi fnr rirll?^^"' '"'^"^''^ '^'^^^^ ^ ^ ""'^^^ electrolytG fuel cell stack that works at ordinary temperature and 
IS used for portable power sources, electric vehicle power sources, and domestic cogeneration systems. 

Background Art 

num c3^ electrochemically at gas diffusion eleat«xles with' a catalj^ li^ p£ 
[0003] One example of the polymer electrolyte fuel cell stack is shown in the partially omitted perspective view of 

[0004] On the opposite faces of a polymer electrolyte membrane 3. which selectively transports hydrogen ions cat- 
alytic reaction layers 2. which are constituted by carbon powder with a platinum metal catafysrcS^e^n 
d^ely formed. And. according to the requirement, a fluorocarbon water repellent may be addS 
in?c Jf thoTlTT-®' electrolyte used here may be a f luoroca*on polymer with syfonate groups introduced into the 
ends o their SKie chains. This electrolyte has proton conductivity in the wet state. In oider to act^e the fuel cS iHs 
accordingly required to keep the polymer electrolyte in the wet state. The polymer electrolyte in t^^e wiS^teSm^^ 
acdrty due to dissociated from the sulfonate groups at the ends. Accordingly, the acid resista^Ts^uirS S 
m?r2S" *'r*J:.'" ^^^ect contact v«th the electrolyte. The eqJiJalent material toS el^o ^ is aS 

[0006] Further, on the respective outer faces of the catalytic reaction layers 2A, a pair of diffusion layers 1 havino 
both the gas permeability and the electrical conductivity are closely formed. This c^talyfic rLSaJer 2 L irS 
fusion layer 1 constitute an electrode (an anode or a cathode). ^ 

J" ?® '^u® *^!!f f ""^ ^ *® ^ a material constituting the anode and cathode the 

same material can be used. In the case where the fuel is a gas mainly containing hydrogen whlcJ S^ain^ bv 
mtn? ►Y^^°ca;;bon *"el. carbon monoxide is naturally contained in the reformed gas. ^eTto pr^em the^lSe 

sT^sfuiiSnirnrs^^ra^^^^^ 

S^IJIlih^^"*"''^®^ "'f!! ^^'^'^^ s^^'ator (bi-polar) plates 4 are further arranged so as to mechani- 

? t^®"*'^ these electrolyte membrane and the electrodes and connect adjoining assemtSes el^cSlv 
with each other in series. In a portion of the separator plate 4 that is in contact with the SecTSde^S SSl fe 
formedtofeedmesupply Of thereacliongastothe surface Of the ete^^^ 

an2 water n^S^T T J^' 1"*"= ®' ""'^^ "^^^ ^ ^ *° ^^^^ « 9«« from the JeS 

mptr^o^ r ' ^ ^^^^^ *® '^^l' ^* down and exhauste the water. A cooling 

means such as a cooling plate may be provided to the separator plate 4 may have ^ 

Z^7^^ ^ ^' ^" S®"®"^' *" wf^'ch sealing portions or 0-rings are dis- 

posed around the electrodes across the polymer electrolyte membrane 

[0010] Since the above-mentioned proton-conductive electrolyte has strong acidrty. a fluorocarbon polymer mate- 
naJ having high acd res^tance is employed for sealing portions like gaskets thi are direct <S wS fte elX 

[0OT1] With a view to maximizing the area of the electrodes, an external sealing structure may in adopted which 
fece cJ^ in' '"^'1"^ ^^'°"f °' "^-'""^ *e ends of the eKcSe^ffl^e^Se 

f^2l Sr^l? "i^.^'S*"," f '^"^ ^" ^^-^SW non-conductive mat^S 

and an^rrnS^nSJ? 'i"l"" "^^^f °* "^'^"^ "^'"^ ^'^^ed into art internal manifold 

ftoreSSS^?^^^^^^^^ 

rer^rru.id"er;s:ir^^^ 

[0013] In the prior art method wherein a solution obtained by dissolving a resin in a solvent is aoolied and dried or 
a reart^e resin is applied arjd solidified in order to form the gas seal portion that coversTe slie S ^th^cell temi 

Tf^ ^^'^ * P''*'^'" «""'°«"t s««""9 property cannot be given. 

tJrsurf^r^!^!^" manifoWs. which connects with gas inlets and outlets, are provided, the significant unevenness on 
the surface of the gas seal fomied by the resin makes it difficult to ensure the favorable gas seal^g property ^a^n 
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where the side face of the cell laminate is in contact with the manritoW^ a cast mold 

JSfei An,o,*eahoven«*=dhasanotherp«*lemmal«s^W«sa«.outle»»eok»edby.h,«r^^^ 

conductive material. ^ kuo „a=i,otR are disoosed and sandwiched between a pair of sepa- 

tooiTl Around the electrodes, sealing portor« ^^ .f^^^J^^'^^^e anode from being leaked. The prior art 
Sator plates in o«ler to prevent the reaJ^9-= J ^a^^e a^L^a^on resin, around the peripheral portion of the 

rate adjustment °< ^^e thictaness of the electrod^ a^^^ ^ ^ ^^.^ required. 

rial of the gaskets. ^. ^ «iith thP electrodes and are thereby, required to have high gas 

[00191 The separator plates are d'^^^^ "^'^^^^^^^^^^^^ the air is us«l as the oxidant gas. it is 

tightness and electrical conductn/rty. as well '^^^.^^^^^'^^'^'^^^^ 

required to enhance the flow rate of theairsuppliedtothe^^^ 5 

, Solved at the cathode. A compHcated ^^"^^ 9^;^4*?Sf3e*LlS isStained by cutting a carbon mate- 
applied for the gas flow path stmcftjre m the s«P^^^Pf pSXregnated with a resin, or glassy carbon to a 

fer^^pe^XroCriatt 
ing and plating a corrosion^e^sta^^^^^^^ 

powder or metal power and P^^^^;™"* "^'SfJemS^^^ for the sealing portions like gaskets, there is a problem of 
so [00211 However. "^^^^^^^ a^e^d resin and r^Sres an extremely large load to clamp the 

high cost. The f luorocarbon material is generally ^/f ^L^r TTnerefare th^e are attempts to use the porous f luorocar- 
glskets and sufficiently seal the flow o^gas or c<»^wig w^^^^ ^ 

Son material or to apply the fluorocarbon paste °" ^^^^^ 
porous f luorocarbon material is. however expensivejn ac^^^^^ 

Lnot be attained when the load ^P^«^ SfhS h^h mil cost len dried andcured. the 
[00221 Thefluoroca*onpa^eus^forme^^^^ 

l„f,nml«l «* a rean IS used Poa t>«iti<»nt Including the wmk of eiiMno 

causes v«arpage tKe eaiboo plate bewuse S JL^SJ^atoTot the resh. wnni a f*»nol resin of a sllieone 
tne,asfk», paths shouM >'»=*'"|*SSZS^ a^SSSSe <^^^ ,n t,e case where the c«- 

tine flow path structure. oowder or metal powder is press-molded or injection- 

.S, the rasa,. IS ,e<,ulred anerthe ™ cs« st«* ha*, «odlent 

- S«,o.»eS£:.?.r.rSilTaS^1re.^ 

trolyte fuel cell stack with a high productivity.^ 
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Disclosure of the Invention 
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respectively have a catalytic reactioJtev^ aSSforn^ ^ ^^""^ electrolyte membrane and 

fying. the humidify,ng unft having a SHi^ S simultaneously cames out heating and humidi- 
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and fort'i^sl^SrZ'p?^^^^ 

repeated isobutylene olSomerunitsSfeS<Trt;a^ ^^ ^ ^^^^^'^ « ""'^^^ of 

[0029] Further, it is preferSrth« mrseLS^olci S^n^!« .!^^^^ 

^ssedby Formu.a(1)Venaborinran^^^^^^^^ « °' P°'^-- -POurKi 

CH3 



I 

CH3 
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(1) 



45 



50 



and tbrm'SsX'^^lSaX'"^^^^^^ 

repeated isobutyleneXmer iTte^^'^^S^^^^ ' ^"^ '"P^^^^ a n"n*er of 

S^te Jl'istlrC*" *" " '»^"^«"" i poly- ""-wr. in Fcnnuta „, 
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has a three-layered structure, where a heat-resistant hard resin 



10037] It is also preferable that the sealing portion 
layer is interposed between a pair ot f ^sftc r^'" '^e^ . by a polyethylene terephthalate resin and 
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20 Brief Description Of the Drawings 
[0039] 

';^ra»p.le«achen«»ca»,»»«««na««~c>u,ac.»,M«-h«,esep.»» 

present invention. \ ^ ^ «io*^Hice molded casket used in Example 6 of the present invention. 

^/sTsV^^wTch^Sr^^^^^^ 

'ZT. top View schematically illustrating the str^ure o, the separator plate used in Example 9 of the present 
fTTcTL top View schematically illustrating the struct^^^ 

Sn^isTt^'ew schematically illustrating the structure o, a separator plate used in Example 1 1 of the present 

invention. « pcpp in Picamtrfe 1 1 of the present invention. 

'^6'Sas««»»l.ie»achen»«*i.us««n,aPEFCMudinaate^^ 

14 of the present invention. 

Best Modes for Canrying Out the Invention — 
10040, T^epresentinventionischaracterizedinthatasealingpo^^^^^ 

rUreventVand water fromleawngmaujhrf^^ , p.^^..^^ of unit 

[0041] The present '^"^^''^ I'^l^^^'^^S^ fnS f^ner electrolyte memb.ane. a pair of electrodes 
cells, which are laid one upon another and «i* °* I^i^^^^^^ have a cat^ytic reaction layer, a separator 



35 



40 



45 



50 



5 



EP 1 009 052 A1 

but is described in detail with two typical embodiments as shown in the foliowinga 
(1) First Embodiment 
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arranged across the polymer electrolyte men*ranrand r«2^^^ ^ °' electrodes that are 

and distributing a suf^ly of fuel Ss cJS^ hy^roo^^^ '^^e^ -"eans for feeding 

ing a supply of oxidant gas to the other of the eleSX whZn etectrodes. and means for feeding and distribut- 

the cell laminate with a non-condurtVe g^-tigW mSSl ' " « ^ 

accordingly directed to a method of manuSinQr^Ere ™S '"^„'."^^^ * '^^ P^^=«"* ''""^^^^ 

Which are laid one upon another and eac^SwS .ndSJ '^'^^ f '«'"™»e having a plurality of unit cells, 
are arranged across the polymer eSolyJe meJS^^^^^^^^ « ^ e'«*odes thai 

ing a supply of fuel gas to one of the eS^^ arS r^eans SSSin^ ' ! '^"^"^ "^"^ ^ ^ed- 

trodes comprising the steps of: laying a^SrS oTL^Si c^Je^^S 

the layered unit cells from both end faces ther^f to oW^n a eel! Sate !^ T "^"'^"^ '^^'^'"9 ^nd fixing 
prises a non-conductive gas-tight material on7LdP farToffh! im ' ^ ^"^"^ ^ P^-^'o"' which com- 

g^rtioninci^esthestep^c.,^^^^^^ 

Etem^ri^di^^'^^-^'-^^^^ P°-- 

Sofu^jc^n'r^^sr^^ 

pair of electrodes that are arranged across me cZ^L^^. ! ^^"^^ ^ electrolyte membrane, a 

layer, means for feeding and diSS^a su^^y^LtgrtL'^o^^rr^^ "^'^ ^ 

tributing a supply of oxidant gas to the other of Le^SrSlf^T electrodes, and means for feeding and dis- 

non-conductive gas-tight material on ^tZt^ TatTni^^^'"^^^ °' ^'^"^ ^ "^"'^ P^*"-^*^ of « 
a sealing portion inside the manifold. wh»e pre^Sng pas^nl^^^^^^ "^'^'^ '''^ ^ ^°"^'««' ^ 'o^"" 

i?^Lfii!:r;;rgL^e?roS^^^^^^^^ 

after the solidification of the liquid precureor ^'"^^'O" of '-qu'd precursor; and removing the porous film 

Lisintegrajryfo'rm^?*^^^^^^ 

cell laminate, and such ^a^^L^^^^lfp^li^ZZ . ^T^'"'^""^ P'^"^' °" '"^^ ««« ^oe lii^e 
IUU53J Since the method Of manufecturina the PEFCarmrrf™*^**, 

the sealing portion by injection-molding Xon^^u^^oT^c^ ^TTTV"^^^ 
mechanical properties to be manufacturliwithraTho^^^^^ ^^"9 e^oe"ent 

it is favorawe that the p,x>cess ^fSi theri^^cJn be o,J^^^^ ™ preferaWy formed integrally. And. 
the material dried and solidified, so as to for^rsSno Srtfon * ^"J.T' ^'^''^ °^ ^ "^""^'^ ^ "^Wns 
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,™™e™™ a»«es « «e. and ».«<- each ;»J=»^ 

the f ilm after the solidBication of the liquid ^r";^-". ^^^^ by applying and drying the resin prectjr- 

[00581 it is preferable that the sealing portion distributirSthe respective gases to the elec- 

'^ile the supplies of gases are ^^nt-nuous^y llow^^^^ ^ ^^.^^.^ ,esin precu^or 

trodes. Application of the resin P'^'^'i'^^\^^^^^^ie not blocked if the sealing portion is sol.drf.ed^ 
entSng the fluid inlet and outlet, and the flu^.nlet ^d outie^ are no^ ^^^^ -.3 ^ner 



20 



25 



(2) Second Emixxliment 



• « DPPr in which a oair of electrodes arranged across 
100621 The second enlbodiment of the preserrt ^^^es that supply and discharge a fuel gas 

a S^SLer e^ctrolyte membrane is interposed wh^Jn a sealing portion, which 

^o aXm one of the electrodes, and ^^^^Jg^^^^^ expressed by Formula (1) g-ven 

is constituted by a polymer compound having polyisoDutyiene a 



below: 

CH3 



R , ^ X i CH 2-: c Y i R2 

CH3 
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and form crosslinWng points after 

^^^^^ - « « 

outside the fuel cell stack. ^ ^ich js. constituted by the polymer compound 
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S "Tis n' T r ''^^^"'"^ '^^^"9 outside me fuel cell s.acK 

9rou,^me.hac;CgZTC^^^^^^^^^ -s a,„ g.up. acry,o, 

^^^^^^'^7^^^^ - P.r.u.a (1) g.en abce 

given above is not less than 8000 ^ Polymenzalion i of the polymer compound in Formula (l) 



CHz 
I 

CH3 



TTI 

(2) 



2S 



30 



40 



45 



50 



55 



hea.-rLs^r^5 re^S;: ^er^orbreTelS/^^^^^^^^^ — '" which a 

^^oolin.,.topreventthe.el.asand.ecoo.^tS^^^^^^ 

iuTsLsi;:ira^Tr;^^^^^^^^ 

polymer compound expressed by FormuVo) gSen JSov^ ^ "'^"^^ ^"sfiWed by the 

are constituted by the polymer comS>und havin "pSyiS&'TaT^.e ''"""'^'^"^ 
grven above, thereby enabling the formation of the se^m^rt^n hl^ ^ sbucture expressed by Formula (1) 
[00741 InsuchamethodLmanufaSuringre plrc t?^^^^^ 

solufion containing at least the reactVe SmeT^fe^^^ L^^^^^ manufactured at a low cost by applying a 
then, by copolymerizing and curing the reacfaVe ol^neT ^ ' ^"^^ °" ^ ^^"^ *° ««a'«« and. 

kets and the sealing material of the cooling water ^'^ fluorocatbon resin or EPDM for the gas- 

Ss ^e'Zrl.^XT-.:^^^ Fonnu-a (1) g.en above is 

non^fense carbon plate, because of the elasticT<5 *eT^n Sinci h °' ^as flow path in the 

t.on of the resin is more resilient and easily pTSL^tSa^the ^ZT , T^"^^ ^'^^ ''^^'^ '"^regna- 
is signif icanfly facilitated. Processed than the carbon plate impregnated with the resin, the proce^ing 

™ brFSrmJl"a gn::ra p^S-mS^^Lr' 'r^^ ^ -mpound 

be improved because of the elasticity of the ?esT Even «Jen Se ^ITSTh' """''^ 

;s^rrrr«ro?rm^Si^^^^^^ 

separator plate and the polymer c^^^J^ S^eLK^orSTi f^' '"^H^ the 
tion having a complicated shape likeT rr^aSt s^T^^ZTt^^^^ °* 
herubber-HKe f le^bilrty of the polymer compound Jil^S'S^C^ '"^"^ 

UU:sz^eLr;rriL^^^^^^^ 

ductivity have different coefficients of thermal e^^on tJ ?et^o f^^Th '^1''°^ '"^""'^ «>"- 

-n the course of heating or cooling the fuel celfSdT^u; ta^h J h« '^^^^ *° separator plate 

sion. because of the rubber-like flLbilitJ * '^'^'^''^ coefficients of thermal eijan- 

end.nction.gro^XandVa.ed.ereto.Wh::rgCa?^^^^^^^ 
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, ^ .c«rt for X and Y the resulting polymer that is polymerized at the crosslinWng points 

Q^oups- .*u«r^^iwmorarpciianmcantlv affected by the nurr^^ 

not at all restricted only thereto. 
Exairple 1 

,0064, Ca.onpowderha...epa.c™^ 

solution of chloroplatinic acid and the P'at'""/"^^f^^^ v i Th^n the carton powder with the platinum catalyst 
The weight ratio of carbon to piatinurr, earned *^e^«.n w^ 1^ V Then. j 

water-repelled carbon paper to form a ^telytjc layer 2_ of 10 by 10 cm. whereas a polymer electrolyte ' 

[00891 In the ^ocess of interposing the ^EA between me p.. h separator plates, were arranged around 

used for sealing the cooling unit. > „»,Maminate are shown in Fig. 2. The used separators here include a 

t0091l The separators included ""JJ^^^^^^^J^d ^,^ fnt face thereof and a gas flow path 6 fomied in «ie 
separator plate 4a having a cooling water flow path 7 J°"^^ ° ^ face thereof and the gas flow path 6 
« otfer face thereof, a separator plate 4b h^-ng a g^^^^ Ca. paS 5 formed in one face thereof and the cool- 
formed in the other face thereof, and a^^P^-^^^^^^^^I^^i-^^ an outlet 1 V of the gas flow path 5. an inlet and 
ing.water flow path 7 formed in the other face f/l^'-^^^^V/ cooling water flow path 7 are constituted on 
an outlet of the gas flow path 6. and an inlet 12 and an ouUet or me a 

opposite sides. ^ c „nH tho ««lina water flow path 7 were formed on the surface of the separator 

municating with the gas flow path 6. ^ '^^^^^ 

7 were formed in the circumferential porton <rf «^ ^^^f °^ J^^', ^nate. This is true for the other manifold aper- 
manifoW apertures 8c to be aligned and form a manifold 8 of me cairam^^ 

t^S Vsupply and discharge of each fluid is f^c««.th^^^^^ 

10094] InsuchamannenbylayingSOunitc^lsor^u^^^ 

laminate, froni an opening of the manifold 8 located in the end plate, so as lo app y 
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re^8:"ceTrgaS 

high Viscosity or when the gas inieuSl ouSltThavS ^ t""' '^^^'^ ^ excessTeiy 

andout.et11.Tt,eothern^n«oliw:?epTc;^S;SSs^^^^^ 

S^re:inrs^S^Sa''» 

pressure of 1 00 to 1 000 kgVcm^ ar^he piSerat^^ SS^^ ,o °^ ^'"'^ ^» 

fecG of the cell laminate. The resin used here was one 3 2 u2 cr jT, ^T" "^'^ ^ '"'^^'^''^ °" t^"® s«b 

HX6130 by du Pont Corp. There were sio 32 onlinnc "^"5^*^^' Po'^^^rs and sold under the name of Zenite 
[0097] \e excessiVelyrgeTnTi^on pi^^^^^^ ^T^/" circumferential portion of the mold 

may cause a damage or deforSH^he rSZg fS SS^'l'^?" *"T^*"^^ "^^ing 
hand, causes the whole surface not to bTccLTT^^il^^^^^ I •nsuff.c.ent injection pressure, on the other 
extremely high temperature still a^v; the inS moW J« S J 'T' ^^""9 P™P«^«=- 

This is ascribed to denaturation of m^^ecS^iirtot^f Performance of the resulting fuel ceil stack. 

Sature^'oth^^T^^^^ ^ ^ -h as nylon resin ha.ng a lower injecton 

SLut'cTr^d^rrcSS^^^ 

the injection temperature of 200-C. the die teme^u e ?i20-cfh»H ^ f • "'^"^"'^ °^ ^''^^^ 

/cm2) to that of the prior art fuel eel Itl^V^ZTl^ equivalent initial performance (0.65 V - 0.6 A 

the cell laminate. ^ ^'^^"^ ^^'^'"9 ^ ^^"3 a phenol resin on the outer surface 

comparison, the prior art fuel cell stack pre^r^T^ZaTrfJ^ ^!"^*^ periodically. For the purpose of 
cell laminate was also evaluated inT^s3rSn^er ^ ^ ""'^ ^ °" ^^"^^ °f the 

zifbr'fsrh^r^i^^^^^^^^ 

excellent durability 'nvention did not have such lowered performance but showed 



30 Example 2 



the sone manner a. Exan»le 1. The PEFO wTkm ^ ' ^""fecUred In 

» Ihe ce« penormanoe after the «=ratlon tS^TsSSfc^rS ^.TT"f the res* 

™.™,a,.«a«n^«^^,^,^,^f,'^SriSlr«~?^^^^ 

Comparative Example 1 

" -*thecZSr£;srSiir,ir;i^r;"''''^"^^^^ 

oftheeea.n,eur.acewaecWedinrTe^"S^TF?^^^'^ 
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Example 3 

op^.sshowninPi..3..n.esamem^rrr^^^^^^^^ 

S and'^uS;"^^ ^SJ' r cSS'frtt'oo ""^".Ih'^ ""^^ ^ - organic 

into the porous film 10. ^ ^" °P^'"9 "^^^^Id placed in the end plate to penetrate 

dried and solidified. The solidified phenol rSnT?S;n^^ ?■ °J™i "^^'^ °" P^^^""' ^e^in 13 was 

not blocked by this resin. ^""^ ^ '"^"^^ '^""o'd. The gas inlet and outlet were 
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Example 4 



, „« ce«» H Ihe praoess of laying 50 '^'^^f^^^l^S^ I»epa.« b, applylno and dryln, » 

fluid could be ensured, 
ro Examples 

p,08, A ce. ,an*a» 0. «a exanipte «a prepared d'^SVnS"aSic°2^"=i 
L^il<»n l«« the inle««l the gases and eoo»,^W^^^^^ 
«„il, laminate withtheo*tsol*.^a«s^^ 

from being blocked by the resin for gas sealing. 



Exannple 6 
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!er Of about 30 angstrom carried thereon wasj^eda^^^^ 

dispersed in isopropyl alcohol and then '"«fd^''?f,^®J'°"' ^ ^^^^ = 5to 13.5. and n % 1000 in ethyl alcohol 

ioL acid powder expressed by Formula (^^Jerein I ^^^^^/^^^^^^ J^^^^^^ W.c (thickness of 250 m by 

to yield a paste. A catalyst reacbon layer «as to^-^f^ °" control was carried out to make the 

^^rot^SuSrr^^^^^^^^ 

acid equal to 1 .2 mg/cm^. 
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15 
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30 



t^^her across the electrolyte men^Sfe b^C^st V^^'^Z:^^?:^ °' and ioS 

trodes were (n contact with the electrolyte merr^L^ as shown^n^« « / ^* "^^^ '^yeis of the elec- 

5 assembly (MEA). In the drawing of Fig 6 nurneSs^ol irT 1 1^' ® *° ^""^ electrolyte membrane-elecSe 

(25 Mm) of perfluorocarbon sulfonic acid expressed bv PcTrZ^i^ eledrolyte membrane used here was a thin film 
sequently formed a plate-like molded gasS^sSfos w^h Z! ^ '^9- Pro^eTsu^ 

The electrolyte membrane of the MEA flS arS Ti^T^V!^ '"^^^^ and the ?^c^^ 

such a manner that the electrodes of the MEA wer^itt«j r„ thL ^ -nterposed between two gasket seate ?n 
of the gasket seals 1 08. Further, the mIa andTaskSSl "^1"*"'"" «'^^«^es fbrmi onVhetiter 

had a Shape shown in Rg. 5 anci con^ri^e^ a nClus L'^n '""T'"^ separator pSiC 

104 respectn/ely denote the separator, a groove for the oasf^^l o \ ^' """'^'^'^ ^02. 103. and 
10111] On the both faces of the PEFC by at^cJ^nn re^^^^^^ " "«"itold 

?l?';^"^r^''''*"^"'*'«P«^^«^*^^»'am'^^^^^^^^ P'ates. collector plates, insulator 

to have the dew pCnt of 73X wa^^ro^e^tS SS^.^^^^^ 1 '^^^S^" ^as humkiified and heated 
68«C was fed to the other of the electrc^e^ >S t^Slfa ^1^.^!" 'T"""' ""^'"^ '° ^^^^ 
m7 " AruaTo« , r*'"* electric^rr^SnVtre l^lT" "'^^^ ^ f'e "on^ 

-eJur^fbSra'^^ur^^^^ 

™^ion Of ... and the current UyToT^cIS* r^^^^ 
Clnp^slTaSi^r^^^^^^^^ 
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10 



IS 



20 



u u H n.vp an excessively soft polymer. Which gave a leak Of hydrogen gas 

from the gasket seal in the cell performance test. _ reioectively containol the acryloyi groups, the methacry- 
mi221 ttwasconfirmedthatthepolymercompoimdsthat^^^^^ 

oyl groups, the isocyanate groups, and the .^P^ S^J^^^fA^^^^^^^^^ used in the case of the acryloyi groups and 
pXmeriSion reactions were also usable^^^^^^^^ 

thP methacryloyi groups as the end functional groups, ana me urema. ^ known amine cunng 

, ^1 uiac nnt less than 8000. 



number or repeaieu ^ 

the degree of polymerization was not less than 8000 

Example 7 



2S 



30 



e "Lxutaoilgstromcarrledthereonw^us^^a^^^ pert,uoroca*on sulfonic aad 

Dowder dispersed in isopropyl alcohol, a d'spers'ori J^^^^^^^^^ A catalyst reactionlayer was formed on one 

Ser exfSessed by Formula (3) in ethyl J^^'^' '^^^'.^ ^Cr^SS of screen printing method with the paste The 
SofcSonnon-wovenfabncha^^^^^^^^ 

?omi ^ SJ^ode and anode having the identical 'j" J^TLlSle StrS^^an that of the electrodes, and joined 
oiwuctive polymer electrolyte n'^'^'t"^: s^Si a^^^^^^^ the printed catalyst layers of the e^c- 

toJSer across the electrolyte merrbrane by ^^^f P'^^l '^^."^^^ to give an electrolyte membrane-e^ctr«le 

iSles were in comact with the ^e^olyte^^^^ 

fiintSS^:?.?^^^^ 

between two gasKet seals, in such a ^""^^.f seals were then interposed between tv^ 

trodes formed on the center of the Qasket seate. J ^/J^^^^^d of a non-porous carbon plate as tiie r^t^aUn 

35 separator plates that had a shape shown and were co po ^ coM^ a PEPa 

Lch a manner that the gasflow P«*^'°^'"f,^*;^t^!^SS'^l,e^^^ plates, insulator plates, and end plates wrth 
mi261 On both faces of the PEFC. by attaching ^««te;P^^^^^ ^^^^ ^ boHs. springs, and nuts under the 
eauired apertures for the manifolds and clamping the °" f ^ "^"J* pEpc was constituted. 

tS^e d 20 kg/cm^ per the area of the electrodes, a ^^^^^^^X^^^^l^ required apertures in a three-layered 

« K The ^ate-like J ^ttaTpoT^^^^ having a thickness of 150 ^ 

si^e.ervror.^crfr^^^^ 

S 6?C was fed to the other of the electrodes, ms gave a ^ measured, there was no leak detected. 

" St^oughretestofgasleakfromgasljpc^o^^^^ 

As the result that the PEFC ^^f'^f^^^^ZL^t, of 0.3 A/cm=. this PEI=C kept the cell voltage of or 

ro.?V^;r*SoXr;nS^P- 

Example 8 rti I d ameter 



50 



55 



13 



EP1 009052 A1 

and the quantity of perfluorocarbonsulfonic acid equal to 1 .2 mg/cnfi 
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together across the electralyte Imb^e b^Cress t suS^^.'^'' T/^" °' 
trodes were in contact with the electrolyte meri^ne asTol """1^ '^^'"'^^ '^^^'^ 

assernbly (MEA). The proton-conducbVe polymrelertrolv^^^^ 

f J.oroca*onsuifbnic acid expressed by fLT^ gt^!^^^^ "'"^ '"^^ « ^'^^'^S 25 of per- 

Lidi in tSSiL:?n.''rs^r^^^^^ 

between two gasket seals, in such a manner She e,e<ScSL of iT^^^^^^ "'"^r^^^ 

trodes formed on the center of the gasket seals Further Sm^ I . ^""^ ^^^"^es for the elec- 
separator plates that had a shape show^* n Rg 5 aS ^^^'c^osS S a^LT 

such a manner that the gas flow paths formed in the Ssn«^!T . ■ "''""PO^o^s cartxjn plate as the material, in 
[01 32] On both feces of the PEFlXy^^^!^^'^,^^^'^'^S^^''^ *° « PETO 

requ.red apertures for the manifolds and clamping iTe o1ie^;f^SL^ '^^^^^^^ P"*^' ^"'^ P'«»«« 
pressure of 20 kg/cn^ per the area of the electrodes a u^t ^7? !? '^"^ nuts under the 

I0133J -me plate-like molded gasket seaS ht! Si 5T °^ ^^''^ constituted, 
ered structure, where a center of a hit^sSant^^^^^ ''.*T"^ ^^"''^^ "^^^^ a three-lay- 

JUT, was interposed between layers of 75^ ^T^S'c^^^'oT^T ^''^^ '"^'"^ « ''"'^^^^ °' ' ^0 

of es-C was fed to the other of the elertrodi ^. .® ''"'""'^'ed and heated to have the dew point 

Although the test Of gas leak from gast^Stton J^^^^^ 

As the result that the PEFC was subjected foa^SnSuTi^^^^ T""'^' '"^^ "° '^^ detected, 

zafon Of 80%. the oxygen utilization of A0%^arX^rer^Zl 7nTl'> "^^"^ °' ft'el utili- 

o.er0.7Vo.er5000 hours. enablingpowergeneSrSorr^^^^^^ 
Example 9 

powder dispersed in isopropyl alcohol, a dispersion SwafS^lrl f^ Hr^^ ^ °* '"^^ ^^^'^^ 

powder expressed by Formula (3) in ethyl aloohrt was dj™^ ^ dispersing peifluorocartjonsuHbnic acid 

on one face of carbon non-wovL' fabric havr^ tJ^SnS^^^^^ ? '^^y^ reaction layer was Ibmied 

quantty control was earned out to make the qua^JSnScSS^^^r' °' ''""""^ '"'^ 
^d the quantity of perfluoroca,tx,nsulfenic acid ^ to 1 2^^^"^ «l"al to 0.5 mg/cm^ 

fon-cciducS^X^ereSlKtil^^^^^^ 

together across the electrolyte Lnibmn^XT^T^ 1 '^^^ °^ electrodes, and joined 

trodes were in contact with^Te Tctr^e mem°*b^^^^^^^ "'^'^ '-Xers'of ^eT^ 

assembly (MEA). The proton-conductve polyZ eTeioMfiJ^m^^^^^ ^S^^ ^ membrane-electrode 

Uflpatht^fe mSd^'SaJ^S^^^^ "'^'^ this example A 

Of the gas flaw path groove .hrgh'^°S^^as^'^^^^^^ °* °" "^^^^ 

Of the electrode. In the case where the plato^Se^Si artc^?'^'',^ ^ l^' to the surface 

seals, the gas flow path bridge shown, in Fig 8 wS^ncfrSJi"^!^^^^ l*"'"^'' « ««« for the gasket 

Fig. 8. The mixed solution was also applLSSirStfa^^T^^? P'«*«« «hown in 

mixed solution was heated at 85''C foTw hoJ^To Se cur^? elforell rLt^ "^^^ ^ *° « 300 ^m. The ' 

completely cured, the MEA was interposed S JTee^ ZT^oa^ S^^^^ °"fr'' "^^^^^ '^^^'""'^ (2) was 
ner that the gas flow paths formed in We respSvrsSrS Ses fa^^^^^^ ? T'^'^ ^ « • 
cell stack (PEFC). '^^*°'^r^*®^*^^«^°h other to give a polymer electrd^^ 
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pressure of 20 kg/cm^ per the area of the electrodes, a untt cell structure of the polymer electrolyte fuel cell was consti- 
tuted. 

[0140] \While the PEFC manufactured In the above mannerTwas kept at 75»C.' hydrogen gas humidified and heated 
to have flie dew point of 73»C was fed to oiie of the electrodes and the air humidified and heated to have the dew point 

5 of 68'C was fed to the other of the electrodes. This gave a cell voltage of 0.98 V under the non-loading condition. 
Although the test of gas leak from gasket portion (periphery) of the PEFC was measured, there was no leak detected. 
As the result that the PEFC was subjected to a continuous power generation test under the conditions of the fuel utili- 
zation of 80%. the oxygen utilizaf on of 40%. and the current density of 0.3 A/cm^. this PEFC kept the cell voltage of or 
over 0.7 V over 7000 hours, enabling power generation without any deterioration of the cell voltage. 

10 [0141] The polymer compound expressed by Formula (1) having polyisobutylene as the backbone structure and 
used in this example was obtained by polymerizing the compound expressed by Formula (2) wherein the repeated iso- 
butylehe oligomer units m was in the range of 56 to 72 with 64 on average and both the functional groups X and Y were 
allyl groups by adding" 0.2% by weight of benzoyl peroxide as a polymerization initiator to the isobutylene oligomer 
through radical polymerization under the application of heat. After the curing, the degree of polymerization of the cured 

IS polymer was approximately 9000. Another known chemical, such as azobisisobutyronitrile. may be used as the polym- 
erization initiator. ■ u 
[0142] The number of repeated isobutylene oligomer units m irf less than 56 gave a hard polymer, which resulted 
in a leak of hydrogen gas from the gasket seal immediately after the assembly of the PEFC. The number m of greater 
than 72. on the other.hand. gave an excessively soft polymer, which gave a leak of hydrogen gas from the gasket seal 

20 aftertheelapseof approximately 2000 hours in the cell performance test. 

[0143] It was confirmed that the polymer compounds containing respectively contaned the acryloyi groups, the 
methacryloyi groups, the isocyanate groups, and the epoxy groups as the end functional groups and were cured by the 
suitable polymerization reactions were also usable. Further, it was confirmed that, like the polymer compound having 
the allyl groups as the functional groups, these polymer compounds effectively prevented gas leaks over a long time 

ss period, when the number of repeated isobutylene oligomer units m expressed by Formula (2) was adjusted to the range 
of 56 to 72 and the degree of polymerization was not less than 8000. 

Example 10 

[0144] Acetylene black carbon powder with 25% by weight of platinum particles (average particle diameter of about 
30 angstrom) carried thereon was used as a reaction catalyst of the electrodes. Into a solution of the catalyst powder 
dispersed in isopropyl alcohol, a dispersion which was prepared by dispersing perfluorocarbonsulfonic aad powder 
expressed by Formula (3) in ethyl alcohol was dispersed to yield a paste. A catalyst reaction layer was formed on one 
face of carbon non-woven fabric having a thickness of 250 nm by means of screen printing with the paste, "^le quantity 
control was carried out to make the quantity of platinum included in the resulting electrode equal to 0.5 mg/cm* and the 
quantity of perfluorocarbonsulfonic add equal to 1 .2 mg/cnf. 

[0145] Cathode and anode having the identical configuration discussed above were placed on tiie center of a pro- 
ton-conductive polymer electrolyte membrane, which had a little greater area than that of the electrodes, and joined 
together awoss the electrolyte mentrane by hot press, in such a manner that the printed catalyst layers of the elec- 
trodes were In contact with the electrolyte men*rane as shown in Fig. 6 to give an electrolyte membrane-elecirode 
assembly (MEA). The proton-conductive polymer electi-olyte membrane used here was a thin film having 25 jim of per- 
fluorocaibonsulfbnicacid expressed by Formula (3) given above. . . _^ u 

[0146] ManHbld apertures were punched out of the MEA as shown in Rg. 1 0 and a mixed solution of the reactive 
oligomer expressed by Formula (2) and cyclohexane was applied on inner circumferences 114 of the punchedout man- 
ifold apertures and outer-most circumferences 113 of ttie electrodes as shown in Rg. 10. Before the mixed solution was 
completely cured, the MEA was interposed between two s^rator plates, which had the shape shown in Fig. 5 and 
were composed of a non-porous carbon material, in such a manner that the gas flow paths formed in the respective 
separator plates faced each otiierto constitute a PEFC. On both faces of the PEFC. by attaching heater plates, collector 
plates, insulator plates, and end plates with required apertures for the mainifolds and clamping the outer-most end 
plates with bolts, springs, and nuts under the pressure of 20 kg/cm^ per the area of the electrodes, a unit cell structure 
of the polymer electrolyte fuel cell was constituted. .r^. ^ j u * -i 

[01 47] While the PEFC manufactured in the above manner was kept at 75''C. hydrogen gas humidified and heated 
to have the dew point of 73''C was fed to one of the electrodes and the air humidified and heated to have the dew point 
of 68''C was fed to the other of the electrodes. This gave a cell voHage of 0.98 V under tiie non-loading condition. 
Although the test of gas leak from gasket portion (periphery) of the PEFC was measured, there was no leak detected. 
As the result that the PEFC was subjected to a continuous power generation test under ttie conditions of the.fuel utili- 
zation of 80%. the oxygen utilization of 40%. and the current density of 0.3 A^cm^. this PEFC kept the cell voltage of or 
over 0.7 V over 7000 hours, enabling power generation without any deterioration of the cell voltage. 
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[0148] The polymer compound expressed by Formula (1) used in this example was obtained by polymerizing the 
compound expressed by Formula (2) wherein the repeated isobutylene oligomer units m was in the range of 56 to 72 
with 64 on average and both the functional groups X and Y were ally! groups by adding 0.3% by weight of benzoyl per- 
oxide as a polymerization initiator to the isobutylene oligomer through radical polymerization under the application of 

5 heat of 85**C for 48 hours. After the curing, the degree of polymerization of the cured polymer was approximately 1 1 000. 
Another known chemical, such as azobisisobutyronitrile, may be used as the polymerization initiator. 
[0149] It was found that dispersion of an electron conductive agent in the polymer compound expressed by Formula 
(1) having polyisobutylene as the backbone structure inrproved the output properties of the resulting fuel cell. The seal 
portion was obtained by mixing the polymerizing compound expressed by Formula (2) wherein the number of repeated 

10 isobutylene oligomer units m was in the range of 56 to 72 with 64 on average and allyl groups were contained as both 
the functional groups X and Y, cyclohexane. acetylene black, and benzoyl peroxide were contained as a polymerization 
initiator at 1 00 : 20 : 5 : 1 (weight ratio) and by can-ying out radical polymerization under the application of heat. 
[0150] While the PEFC manufactured in the above manner was kept at 75**C, hydrogen gas humidified and heated 
to have tiie dew point of 73*C was fed to one of the electrodes and tiie air humidified and heated to have the dew point 

15 of 68°C was fed to the other of tiie electrodes. This gave a cell voltage of 0.98 V under tiie non-loading condition. 
Aitiiough the test of gas leak from gasket portion (periphery) of tiie PEFC was. measured, there was no leak detected. 
As the result that the PEFC was subjected to a continuous power generation test under the conditions of the fuel utili- 
zation of 80%. the oxygen utilization of 40%, and the current density of 0.3 A/cm^, this PEFC kept the cell voltage of or 
over 0.7 V over 5000 hours, enabling power generation without any deterioration of the cell voltage. 

20 ' r - . . . 

Exanple 11 

[01 51 ] Acetyl ene black carbon powder witii 25% by weight of platinum particles having an average particle diame- 
ter of about 30 angstrom carried thereon was used as a reaction catalyst of the electrodes. Into a solution of the catalyst 

25 powder dispersed in isopropyl alcohol, a dispersion which was prepared by dispersing perfluorocarbonsulfbnic acid 
powder expressed by Formula (3) in ethyl alcohol was mixed to yield a paste. A catalyst reaction layer was formed on 
one face of cartoon non-woven fabric having a thickness of 250 \im by means of screen printing method with the paste. 
The quantity control was carried out to make the quantity of platinum Included in the resulting electrode equal to 0.5 
mg/cm^ and the quantity of perfluorocarbonsulfonic acid equal to 1 .2 mg/cm^. 

30 [0152] Cathode and anode having the identical configuration discussed above were placed on the center of a pro- 
ton-conductive polymer electrolyte membrane 1 07, which had a little greater area than that of the electrodes, and joined 
together across the electrolyte membrane by hot press, in such a manner that the printed catalyst layers of tiie elec- 
trodes were in contact with tiie electrolyte membrane as shown in Fig. 6 to give an electrolyte membrane-electrode 106 
assembly (MEA). The proton-conductive polymer electrolyte membrane used here was a thin film having a tiiickness of 

35 25 \im of perfluorocartx>nsulfbnic acid expressed by Formula (3) given above. 

[01 53] The electrolyte membrane of the MEA over the area of the electrodes was Interposed between two piate-Iike 
molded gasket seals, in such a manner that the electrodes of the MEA were fitted in rectangular apertures for tiie elec- 
trodes formed on tiie center of the plate-like molded gasket seals having the apertures for the electrodes, apertures for 
cooling water, and apertures for manifolds 1 1 5 shown in Fig. 12 and. further, tiie MEA and the plate-like mofcled gasket 

40 seals were then interposed between two separator plates that respectively had a gas flow path shown in Fig. 1 3, in such 
a manner tiiat tiie gas flow paths formed in tiie respective separator plates faced each other to constitute a PEFC. 
[0154] The separator plate was prepared by mixing expanded graphite powder witii tiie polymer compound 
expressed by Formula (1) and press-molding tiie mixture. The separator plate had tiie gas flow path shown In Rg. 13 
on one face thereof and a groove for the flow path of cooling water on the opposite face thereof. 

45 [0155] The plate-like molded gasket used here was prepared by forming tiie required apertures In a three-layered 
structure (250 jim in thickness), where a center layer of a heat-resistant polyethylene terephthalate (PET) resin having 
a tiiickness of 100 jxm was interposed between layers of 75 ^m in thickness composed of tiie polymer compound 
expressed by Formula (1) given above. 

[0156] 50 PEFCs of the above unit cell sti-ucture were successively laid one upon another to form a cell laminate 
50 as schematically Illustrated in Fig. 1 4. The polymer compound expressed by Formula (1 ) was used for the sealing por- 
tions around a cooling water flow patii 1 16. On tiie both faces of the cell laminate, by attaching collector plates, insulator 
plates, and end plates with required apertures for the gas and cooling water manifolds and clamping tiie outer-most end 
plates with bolts, springs, and nuts under the pressure of 20 kg/cm^ per the area of the electrodes, a stack of PEFCs 
was constituted. While tiie PEFC stack was kept at 75**C under the f tow of cooling water, hydrogen gas humidified and 
55 heated to have tiie dew point of 73**C was fed to tiie anode and the air humidified and heated to have tiie dew point of 
68°C was fed to the cathode. This gave a cell voltage of 49 V under the non-loading condition. There were no gas leaks 
from tiie gasket seals (periphery) of the PEFC stack. The PEFC stack was subjected to a continuous power generation 
test under the conditions of tiie fuel utilization of 80%. the oxygen utilization of 40%. and tiie current density of 0.7 
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, o,orover3ivover5000hou..ena».-.ngpawergenera.on^moutany 

This PEFC stacK Kept the cel. voltage of or over 
deterioration of the cell voltage. 

Exanv'e^^ ' L ^articles having an average particle diame- 

TO» equal to 0.S mgtoi^' "1 "J^j^iJ^ artisiuralon "^IS ol »» el«*«l«. »«' 1""^ 

SemSy(MEA).theprolon-conduc^^^^ interposed bet«een t«o plate-like 

S gasKet seals. ^^''^^ ^^^v! 
trodesformedonthecemer dtt^epl^^^^^ ^.^ 'll^'^'f^vSaoatfSSpathsho^ninng. 13.insuch 

cooling water, and «P«rt";,^,^eXo iarator plates This gave a PEFC^ 

seals were then interposed between two sep separator plates °" ite Dowder, which had been 

platehadthegasflowpath8hown.nF,g.ici ' ,eauired apertures in a three-layered 

^sitefacethereof '..^^,^1 used, here was prepared by forr^ng the ^ 

with bohs. springs, and nuts underthepres .^t«r hvdroaen gas humidified and heated 
Example 13 . articles having an average particle diarrie- 
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[0166] 



50 



S5 



i^^Sndo^^^^^!^^^"^ "I* '"^^'^^ configuration discussed abwe were ni«r^ 
together ^croJ^n:^:tZTeT;T::^ ""^ ^^^'^ 

trodes were in contact with the eiirTrlTI ^ °* a '"anner that the orirt^ r»f.f !^ ^"^ 

5 assembly (IVIEA). T^e prrton!S,2^S as shown in Fig. 6 to Sve an ete^S ^ 

Example 14 

10173] Acetylene black carbon DowdPr «/ith o«/ u 
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.anne.^t.ee.ec.o.es..e.EMespect.e..ce.e.s«o.pa.s.™^ 

'SUS316. whereas the peripheral portion d ^J^^^^ coolirrg water, was composed of the pol- 

had gas and cooling water manifolds, and worted to ^^al '^^^ ^, ^ in Fig. 15 on one face 

Jmefcompound expressed by '^^-"If (^^i^S^on 1^1^^^^^ Se therS. This arrangement envied the 
thereof and a groove for the flow path of cooling °" "^als thereby not requiring separate gaskets, 
piipheral portion of the separator P'^f .^.^S^^rwe^CI^^^ one upon another to form a cell « - 
[01771 50 PEFCs of the above unit ce sfr"«*'rejvere §uc y ^ and cooling water. 

Ls schematically illustrated in Fig. 16. Collector P'f .^Jf^^^f^^^,^^^^^ placed via a partition plate 119 

m^fb^were placed across the cell laminate and an. ^^^^^ onthecerter 

oSide one cf the collector plates 118. '"2^' electroiyte membrane and the supply of 
thereof where the discharge of cooling waterflew on one °! „j humidified simultaneously. 

Ta'flt on the other face thereof to V^^,Tr?ltS5S^^^^^ "P°" ^^^^ 

[01781 in the structure of Fig. 16. ten of J?*^ "^^reserrt a ar^e for a flow path of the discharge of cooling 
Lwingd Fig. 16. numerals 122 and 123^^^^ 

rrrmK^u^orarr^^^^^^ 

equiredaperturesforthegasandcoolingwase^^ma^^^^ ^ 

a?d nuts underthe pressure of 20 ^'^'^l^^^'^XtS^^di^^ water, dry hydrogen Qas was humdrfied 
[01801 While the PEFC stack was kept at C u^^er tne t^w ^ ^uniidified and heated by the internal 

Lnd heated by the internal humWHier and f ed t° ^"^^jj '^^^^ ^ non-loading condition. There were no g^ 
« humidrfier and fed to the cathode. J^'^S^^JfptreSS^ The PEFC stack was subjected to a continuous P^^^ 
leaks from the gasket seals (penphery) °» *f ^^^^^^"^^^^^^ oxygen utilization of 40%. and the current densj^^ 

" rcompoundSressedbyFormula(2)vjh^^^^^^^^ 

of 56 to 72 with 64 on average and allyl 9™"P^7®^ ^"^^^6 isobutylene oligomer and carrying out radical polym- 

35 

Industrial Applicability 



40 

Claims 
45 1. 



eli*ol,» ™i*rane. . pair <'i^^*S^^^^t« feeding a supply OIW 
„ '"*:;iSttS5r«onlsd*ose<.a,leas,l.«»*Snl«oiea*^^ 

sealing portion. ^ ' nH 

.p^,lee...,fe.^«e.s«*ln«cc,*--c^1.«H.'*'^-''^^«'^^ 
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whole side face of said unit cells. 

mer electrolyte fuel cell stack an3t^f|^ c5i?S^^^ 1^^"^ "^'^^ digged from said poly- 

carries out hea«ng ancf hu^ld^nHr^i^^^^^^^^ 

CH3 

Ri-^ Xi-f-CHz-C-) 



CH3 




(1) 
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3S 



groupstrStm^c^oTsX'S'^^^^^ ^ T "^^-'^^""y Poiymerizable functional 



CH3 
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Ri-£- X i-f CH2-C-^Yi -^R2 
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CH3 
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(1) 
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groupst^tm^rslln'^S^^^ ^2 fsllr ^ '^'^--^'^ 

number of repeated isobulylennSmeruS^nri n« !^ T °* '^ss than 1 and represents a 

polymerizatioa ^ ' ^ ' ^" '"^^^ °' ^ represents the degree of 
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expressed by Formula (1): 

CH3 



CH3 (1) 



polymerization. 
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